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Motivation
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Cavity Field Sample
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LLRF control system

LIPAc LLRF system generates RF power to feed LIPAc cavities. It handles
different functionalities for 18 three-stages amplifying chains:

« Amplitude and phase loop

« Cavities tuning

o Start-up

Main control problems encountered:
» More relevant part of the accelerator at control system software level
» Hundreds of signals to control

» Real time decisions bypassing CCS and operator
» Extra functionalities are needed




LLRF control system interfacing with MEBT
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LLRF control system — Amplitude and phase closed loop
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Tests on the RF Prototype Chain I
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Test on the RF Prototype Chain
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Any operation must be carried through the LLRF control system built over
the explained solution and using the showed LLRF control interface
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Tests on the RF Prototype Chain
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Tests on the RF Prototype Chain

Linearity (3=1%)
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Tests on the RF Prototype Chain

Interlock alarm -> Emergency stop

Monual nerock OFp H o/ [ _RFchaina T RFChaing ]

/ [Reset interlock reset ‘ reset | Intaiech gt "
Feverse Caviy ® 2013-10-22
[vbitage
o RF Chain A RF Chain B
puomatie | ™™ RF ChainA ] RF ChainB ] S ] | oot 9 ]
State Start —= [Reverse ‘ ‘
¢ Standby Standby off| orp  [ore] P
Fast Interlock 0 L fecs ‘ ‘
ACTIVE OFF @ OFF| oFp m OFF
fTx NOT READY ) OFF @ p— Macuum / - ] ¥
¥ Rv Cire Uﬁl OFF
FuCav\bit<Fubdn ce OFF @ e fore Mutipacti F] )
(OEP]  oFs ertook o Y
T ) | o] o il N ==
Mitipacting OFF|  oFp \;;:‘m, e @ t; ms Vi ~180 mY
| t V2 180 my
P OFF|  oFp oFp & \ it 764 BY 360
If ON that ferare OFP OFF Display | wn BV/At 4712 KV*Hz
means that one or more — R lnextiprev | ¢ 27T 1 3@ ﬁ‘g
; 0 S siaath =~ (32 Track vwaveform
interlocks have been detected e o OFF OFF i
5 3 | ~ 00
RF:LLRF_CAVAFimDelayRdbk AION mon | [Eoer T womre | ‘
All OFF All OFF ‘ | Interfock Output ]
DACs OFF ‘ ‘
List of interlocks detected. Green means no interlock [ Rrcrama X RF chans Pin Switch ) )
RF:LLRFIlkDiagDac ['T‘:KS otpt | yite | [ Read || write || Read [| [Tggerto FOL o 3
hACs OFF }DFF[ oF® EFF‘ OFF ITCK Output for Py 2
Pin Switch OFF| OFF |OFF OFF cKo i » J
moserofoL | [OFF|  grp [OFF| g paniIck FY )
ITCK Output fi = | P>
pic | |OFF|  oFf OFF \/
frekospator [orgl o8l oFf (e | |
i off  [oFf| oFp
| I
All ON AllON ‘ 1
List of actions carried out by the LLRF | ‘ ;

) . All OFF All OFF
system after an interlock happens. Green means no action — / —

RF:LLRFIIkDiagDAC

12



13/13



Author’s publications related with this work

J. Calvo, Mark L. Rivers, Miguel A. Patricio and A. Ibarra. EPICS Based Low-Level Radio Frequency Control System in

LIPAc. Journal of Fusion Engineering and Design. Volume 87, Issue 11, November 2012, Pages 1872-1879, ISSN 0920
3796.

J. Calvo, Mark Rivers, M.A Patricio, Angel Ibarra. IFMIF LLRF Control System Architecture Based on EPICS. Proceedings of
ICALEPCS, 2011, Grenoble, France.

E. Bargallo, G. Martinez, J. M. Arroyo, J. Abal, P.-Y. Beauvais, R. Gobin, F. Orsini, M. Weber, |. Podadera, D. Regidor, J.
Calvo, A. Giralt, J. Dies, C. Tapia, A. De Blas, A. Ibarra and J. Molla. RAMI analyses of the IFMIF accelerator facility and
first availability allocation between systems. Journal of Fusion Engineering and Design. Volume 88, Issues 9-10, October
2013, Pages 2728-2731, ISSN 0920-3796.

|. Podadera, J. Calvo, J.M. Carmona, A. Ibarra, D. Iglesias, A. Lara, C. Oliver and F. Toral. The Medium Energy Beam
Transport Line (MEBT) of IFMIF/EVEDA LIPAc. In proceeding of: IPAC, 2011.

D. Regidor, A. Arriaga, J. Calvo, A. Ibarra, |. Kirpitchev, P. Méndez, J. Moll3, A. Salom and M. Weber. IFMIF-EVEDA RF
Power System. In Proceedings of IPAC, 2011, San Sebastian, Spain.

A. Salom, A. Arriaga, J. Calvo, |. Kirpitchev, P. Méndez, D. Regidor, M. Weber, A. Mosnier, F. Pérez. Digital LLRF for [FMIF-
EVEDA. In Proceedings of IPAC, 2011, San Sebastian, Spain.

14



Author’s publications

J. Moll3, P. Méndez, B. Branas, M. Weber, |. Podadera, J. Calvo, J.M. Carmona, A. Garcia, J.M. Arroyo, J.C. Mora and A.
Ibarra. Spanish contribution to the IFMIFEVEDA Project. 16th International Conference on Emerging Nuclear Energy
Systems, 2013.

J. Marroncle, P. Abbon, J.F. Denis, J. Egberts, F. Jeanneau, J.F. Gournay, A. Marchix, J.P. Mols, T. Papaevangelou, M.
Pomorski, J. Calvo, J.M. Carmona, D. Iglesias, C. Oliver, |. Podadera, A. Guirao and M. Poggi. IFMIF-LIPAc Diagnostics and
its Challenges. Proceedings of the International Beam Instrumentation Conference (IBIC), 2012.

F. Orsini, N. Bazin, P. Brédy, P. Carbonnier, G. Devanz, G. Disset, N. Grouas, P. Hardy, V. Hennion, H. Jenhani, J. Migne, A.
Mohamed, J. Neyret, B. Renard, J. Relland, D. Roudier, P. Abramian, J. Calero, J. Calvo, J.L. Gutiérrez, T. Martinez, J.
Munilla, I. Podadera and F. Toral. Progress on the SRF Linac Developments for the IFMIF-LIPAc Project. In Proceedings of
IPAC, 2013, Shanghai, China.

A. Arriaga, J. Calvo, |. Kirpitchev, P. Méndez, J. Molla, D. Regidor, A. Salom, M. Weber, M. Desmons and D.
Vandeplassche. LIPAc RF Power System Engineering Desing Report, 2013. Technical Report.

J. Calvo, J. Gonzalez, J.F. Gournay, JY. Rousse, D. Bogard, J.F. Denis, J. Relland, M.Giacchini, L.Antoniazzi and M.Montis.
LIPAc Local Control Systems Engineering Design Report, 2013. Technical Report.

15



16/33



Future work lines

) Local control systems integration at accelerator site.
J IFMIF Lithium target control system challenge.
J LLRF device support validation in other hardware.

J Virtual control system for IFMIF based on LIPAc results.




Radio Frequency (RF) LCS
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Objectives

@ To carry out the design and development of the local control system for some of the explained
subsystems.

@ Toachieve the design and development of Low Level Radio Frequency (LLRF) control system.

@ To contribute to the design on the Machine Protection System (MPS), Personal Protection System
(PPS) and the Central Control System (CCS).
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Main results

Local control and protection systems

» Control of transport and focalization devices in MEBT subsystem

» Control of solenoid package in SRF Linac

 RF local control system architecture definition

* Control of transport and focalization devices in HEBT and BD subsystem
 Control of BPMs, FPMs and slits in Bl subsystem

 Essential protection signals detection and definition

Low level radio frequency control system

* More than 800 hundreds PVs are controlled.

 Real-time and accurate communication with other subsystems
 Essential functionalities developed

» Successfully tested in the RF Prototype Chain
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